A procedure is described for automating the analysis of inorganic phosphate in physiological media without dialysis. Sodium dodecyl sulphate is used to maintain protein solubility during the analysis. Sample analysis was measured at 60 and 90 samples an hour. The inorganic phosphate results obtained for a series of human plasma and for various internal control sera by non-dialysis and dialysis showed good agreement.
The introduction of an automated method for the analysis of inorganic phosphate in physiological fluids without using a reducing agent, unlike the widely used method based on that of Fiske and Subba Row (1925) , can greatly simplify technical procedure. Robinson et al. (1971) reported such a procedure by automating the original method of Simonsen et al. (1946) . However, in each of these methods the problem of protein contamination is normally overcome by dialysis. Therefore, if it is possible to omit dialysis in any analytical procedure; this will further simplify the procedure, improve sensitivity, and increase the sample thoughput (Walker et al., 1970) .
The present paper reports the automation of the Fiske and Subba Row reduction method without dialysis using sodium dodecyl sulphate to maintain the solubility of the protein sample throughout the analysis. Various reports have indicated that the interference caused by protein in manual phosphate analysis is protein precipitation in the acidic molybdate reagent, and that by incorporating sodium dodecyl sulphate such precipitation is prevented without affecting the phosphate analysis (Dulley, 1975; Tashima, 1975) . Atkinson et al. (1973) also showed that sodium dodecyl sulphate does not interfere with the reduction of the phosphomolybdate complex.
Modifications to continuous flow analysis (Spencer, 1976) have also been incorporated to optimise the conditions of analysis. Lawrence (1974) had earlier reported a similar procedure using sodium dodecyl sulphate and stannous chloride hydrazine reduction, but his procedure was optimised to only 50 samples an hour.
Materials and methods
1. Sulphuric, molybdate reagent Ammonium molybdate (NH4)2M07024 4H20 7'5 g dissolved in water and sulphuric acid (sp, gr. 1-84) 98 g (53'3 ml) were made up to a final volume of llitre with distilled water.
l-amino-2-naphthol-4-sulphonic acid (ANSA)
Reducing solution: Sodium bisulphite 150 g (or sodium metabisulphite 137 g) anydrous sodium sulphite 5 g and l-amino-2-naphthol-4-sulphonic acid 2'5 g were dissolved in a final volume of 1250 mi. Heating to 50°C was necessary to ensure the complete solution of ANSA and before storing in a brown bottle the solution was filtered. Before use the solution was diluted 10 times as outlined below.
Sodium dodecyl sulphate (SDS)
]00 g/I (mass/vol.) in distilled water.
SDS molybdate reagent
This was prepared by mixing reagents (1) 80 vol. and (3) 20 vo1. .
SDS ANSA reagent
This was prepared before use by diluting the stock reagent (2) 10 times with solution (3) to give a final concentration of 50 g/l SDS.
6. Working standards of potassium dihydrogen orthophosphate (dried) were prepared to cover the range of 0-3 mmol/l phosphorus as inorganic phosphate. ]09 60 bubbles a minut..
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All the reagents, including sodium dodecyl sulphate, were obtained from BDH chemicals (BDH, Poole, Dorset) as the Analar grade.
Technicon AAI modules (Technicon Instruments Co. Ltd, New York, USA) were used throughout this analysis. An electronic sample timer (Fisons) was used to control sample and wash cycles and a logarithmic amplifier (Fisons, MSE, Scientific Instruments Ltd, Crawley, Sussex) was incorporated before the recorder. The amplifier was set between 500 and 600 (usually 550) with effectively minimal scale expansion.
The analysis of phosphate at 60 samples an hour by reduction (ANSA) and dialysis (Technicon, 1966) used routinely in our laboratory, is subsequently referred to as the 'reference' method.
Results

INORGANIC PHOSPHATE ANALYSIS AT 60 SAMPLES AN HOUR
The flow diagram developed for the measurement of inorganic phosphate without dialysis is shown in Fig. 1 . This procedure was somewhat simpler than that used by Lawrence (1974) , as the sample was taken directly into the reducing agent. From a comparison of the values of a series of human plasma obtained by the reference method and by nondialysis, a good correlation was obtained with no significant bias between the two sets of results ( Fig.  2 and Table 1 ). Values obtained for internal control sera for the two procedures were in close agreement (Table 2) . The regression line of y = 1·00 x + 0'00 is shown. Statistical analysis of these data is presented in Table I . increased by changing the exit line to 0·100 inches (2'54 rom) internal diameter tubing (a flow rate of 3'5 ml/min), Figure 4 shows the wash characteristics for this
Values in parentheses indicate the number nf observations. Coefficients of variation are quoted for within-batch analysis.
INORGANIC PHOSPHATE ANALYSIS AT 90
SAMPLES AN HOUR Figure 3 shows the revised flow diagram without dialysis incorporating some of the modifications outlined by Spencer (1976) . Alteration of the airline to 0'081 inches (2'06 mm) internal diameter and using an A6 air injection junction resulted in increasing the bubble rate to 140 bubbles/min. The removal of reagents from the flow-cell was also I 1·86 (11) ± 0'027 2 2·23 (24) ± 0'019 The regression line of y = 1·00 x + Q. 00 is shown.
Statistical analysis of these data is presented in Table 4 . Table 4 Statistical analysis of the data shown in Fig.·5 using the method Table 3 and was within the accepted limits. Plasma from 36 patients was then compared by the reference and revised methods (Fig. 5) . The correlation was good and there was no significant bias for the non-dialysis procedure to give high or low results (Table 4) .
Analysis on internal control sera gave good agreement with stated values (obtained by using dialysis) as shown in Table 5 . The calculated withinbatch and between-batch coefficients of variation on two internal control sera were less than2'5 %(TableS). Lawrence (1974) reported that includingSDSenabled the automated measurement of inorganic phosphate without dialysis to be made at 50 samples an hour, and the results obtained by automated and manual procedures were in good agreement. The present report shows that by incorporating some of the modifications described by Spencer (1976) , inorganic phosphate analysis is possible at 60 and 90 samples an hour without dialysis. By omitting dialysis the sample volume required for analysis was reduced from 210 1-'1 to 69 1-' 1 at 90 samples an hour. Thus both sensitivity and sample throughput were increased using a much simplified procedure.
Discussion
Interference from bilirubin, lipaemic, and myeloma specimens appear not to be significant. However, in one grossly lipaemic serum specimen from a patient on a lipid drip, the non-dialysis result (1'97 mmol/I) was higher than that obtained by dialysis (1'25 mmol/l), This could be explained either by less efficient dialysis in the latter or a greater turbidity in the former. Sera from patients with myeloma were analysed to assess the problem of protein precipitation during analysis, and in over 40 samples analysed, the serum proteins were maintained in solution throughout. However, in one serum sample precipitation occurred in the ANSA reagent and not as expected in the molybdate reagent. Immunoglobin analysis showed a raised IgG (388 iu/rnl) and normal 19A and IgM. On subsequent treatment the IgG value fell to ISOiu/ml and protein precipitation was not observed. It appears, therefore, that on rare occasions serum proteins may precipitate, possibly N. B. Roberts owing to the presence of abnormal immunoglobulins. However, prior dilution of such specimens appears to assist the solubility of the proteins during analysis.
Haemolysed samples were not problematic; in fact the short incubation time and omission of the 9SoC heating-bath will improve the analysis of inorganic phosphate in these specimens. If the method of Atkinson et al. (1973) is automated, it will be particularly attractive from this point of view as inorganic phosphate analysed by reduction can be carried out under weakly acidic conditions-that is, pH 4'0, thus obviating the likelihood of hydrolysis of the acid labile organic phosphate esters, particularly creatine phosphate, adenosine, di-and triphosphates and phosphoethanolamine,
